I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Perthes' disease was described over a 100 years ago, but the aetiology of the disease has not been established, and there is no consensus on the optimal treatment. The major emphasis of this article is to highlight a rational approach of treatment that aims to prevent the femoral head from getting deformed by intervening early in the course of the disease. Treatment options later in the course of the disease have also been mentioned.

Aim of treatment {#sec2-1}
----------------

Perthes' disease is a self-limiting disease of children characterized by interruption of the blood supply to the capital femoral epiphysis resulting in necrosis of the epiphysis. The vascular occlusion is temporary; complete re-vascularization of the epiphysis occurs over a period of 2-4 years if the child is under 12 years of age at onset of the disease.[@ref1][@ref2] During the process of re-vascularization the necrotic bone is completely replaced by healthy new bone.[@ref3][@ref4] In some children the disease heals without any sequelae and consequently no treatment is needed in these children. However, treatment is needed in a significant proportion of children in whom the femoral head is likely to get deformed while epiphyseal re-vascularization occurs. Secondary degenerative arthritis is likely to develop in mid-adult life if the femoral head does get deformed. The aim of treatment of these susceptible children should be to prevent the femoral head from getting deformed.

In order to achieve this aim, we need to understand what causes the femoral head to get deformed and when during the evolution of the disease irreversible deformation of the femoral head occurs.

P[ATHOGENESIS AND]{.smallcaps} T[IMING OF]{.smallcaps} F[EMORAL]{.smallcaps} H[EAD]{.smallcaps} D[EFORMATION]{.smallcaps} {#sec1-2}
=========================================================================================================================

The bone necrosis that follows the vascular occlusion triggers changes in the soft tissue of the hip joint which include synovitis,[@ref5][@ref6][@ref7] articular cartilage hypertrophy[@ref8] and hypertrophy of the ligamentum teres.[@ref9] These soft tissue changes and muscle spasm cause the femoral head to extrude out laterally of the acetabulum. Stresses of weight-bearing and muscular contraction pass across the acetabular margin onto the extruded part of the avascular femoral head. Unlike normal healthy bone, the avascular bone is not capable of withstanding these physiological stresses and the trabeculae collapse; this results in irreversible femoral head deformation.[@ref10][@ref11] Extrusion appears to be a prime factor that predisposes to femoral head deformation; the greater the extrusion, the greater the propensity for femoral head deformation. If more than 20% of the width of the epiphysis extrudes outside the acetabulum irreversible femoral head deformation is almost inevitable.[@ref12][@ref13]

The natural evolution of Perthes disease can be clearly identified on plain radiographs. The disease passes through the stages of avascular necrosis, fragmentation, and reconstitution (Stages I-III) before the disease finally heals (Stage IV).[@ref14] The stages of avascular necrosis, fragmentation, and reconstitution can be further divided into early and late stages \[Stages Ia, Ib, IIa, IIb, IIIa and IIIb -- [Figure 1](#F1){ref-type="fig"}\].[@ref13] In untreated children femoral head extrusion increases as the disease progresses; in the initial stages of the disease the increase in extrusion is gradual but extrusion abruptly increases in the late stage of fragmentation (Stage IIb), often exceeding the critical 20%. There is evidence that the femoral head deformation occurs during the late stage of fragmentation or in the early part of the stage of reconstitution.[@ref13] This vital knowledge enables us to divide the disease into an early part (i.e., before femoral head deformation begins) and the late part (i.e., after the femoral head has begun to deform). It follows that treatment aimed at preventing femoral head deformation must be instituted in the early part of the disease if it is to be effective. It needs to be emphasized that any treatment instituted at the late stage of fragmentation (Stage IIb) or thereafter is not preventive but either remedial or salvage in nature.

![The stages of evolution of Perthes' disease. The early part of the disease is from the onset till Stage IIa (early fragmentation stage). The late part of the disease is from Stage IIb to Stage IIIb. Intervention aimed at preventing femoral head deformation is only feasible during the early part of the disease](IJOrtho-49-10-g001){#F1}

T[REATMENT OF]{.smallcaps} P[ERTHES]{.smallcaps}': E[ARLY IN THE]{.smallcaps} C[OURSE OF THE]{.smallcaps} D[ISEASE]{.smallcaps} {#sec1-3}
===============================================================================================================================

Treatment early in the course of the disease (i.e. from the onset to the early stage of fragmentation) attempts to prevent the femoral head from bearing forces across the acetabular margin by either preventing or reversing extrusion of the femoral head by "containment."

Containment is the term used to describe any intervention that places the antero-lateral part of the femoral epiphysis well into the acetabulum thereby protecting the vulnerable part of the epiphysis from being subjected to deforming stresses. Containment can be achieved by two different methods; the first involves keeping the hip in abduction and internal rotation or in abduction and flexion by casting, bracing or by surgery on the femur. Alternatively, containment can be achieved by an osteotomy of the pelvis that re-orients the acetabulum such that it covers the antero-lateral part of the femoral epiphysis (e.g. Salter osteotomy, triple innominate osteotomy) or by creating a bony shelf over the extruded part of the epiphysis \[[Figure 2](#F2){ref-type="fig"}\].

![Schematic diagram of surgical options for containment of an extruded avascular femoral epiphysis (a) include proximal femoral varus osteotomy (b) innominate osteotomy (c) and shelf procedure (d)](IJOrtho-49-10-g002){#F2}

Extrusion invariably occurs sooner or later in children over the age of 7 years at the onset of the disease[@ref13][@ref15] and hence containment should be ensured as soon as the disease is diagnosed. In children under 7 years at the onset of the disease extrusion may or may not occur; these children need to be monitored closely with anteroposterior and frog-lateral radiographs, every 3 or 4 months and containment ensured as soon as extrusion is identified without any delay. Most children who are under the age of 5 years at the onset of the disease have a favorable prognosis but some fare badly.[@ref16][@ref17] Containment will be needed even in these young children if extrusion occurs.[@ref17]

Though the importance of containment in the early part of the disease was emphasized repeatedly by several authors this has often been ignored.[@ref18][@ref19][@ref20][@ref21][@ref22] It is important that their advice is followed as the odds ratio of avoiding femoral head deformation is 16.58 times higher if containment is achieved early in the disease (Stage IIa or earlier) than if it is achieved late in the disease (Stage IIb or later).[@ref23]

The range of motion should be restored before effective containment can be achieved. Skin traction for a week usually restores motion. If this fails a broom-stick cast in wide abduction can be applied under general anesthesia and retained for 6 weeks; hip motion improves once the cast is removed.

The effect of surgical containment lasts throughout the course of the disease, but the containment effect of bracing or casting is present only as long as the device is worn. Since the propensity for femoral head deformation persists till the early stage of reconstitution (Stage IIIa) the brace or splint must be worn till the disease has progressed beyond this point but need not be continued till complete healing of the disease has occurred.[@ref24]

The author advocates avoiding weight-bearing in addition to containment as some reports suggest that combining weight relief with containment may be beneficial.[@ref25]

T[REATMENT]{.smallcaps} P[LANNING]{.smallcaps} {#sec1-4}
==============================================

The factors to take into consideration to decide the treatment include:

The age of the child at the onset of symptomsThe presence of extrusion of the femoral headThe range of motion of the hipThe stage of evolution of the disease.[@ref26]

The outline of treatment that takes these variables into consideration is shown in [Table 1](#T1){ref-type="table"}.

###### 

Outline of decision-making for treatment of Perthes' disease early in the course of the disease

![](IJOrtho-49-10-g003)

Two factors widely used for treatment planning, the status of the lateral pillar (Herring\'s grading) and the extent of epiphyseal involvement (Caterall\'s grouping) have not been included in the decision-making scheme outlined in table. This is because treatment needs to be initiated well before the stage of fragmentation when these two variables can be identified with some degree of certainty.[@ref27]

Children may not qualify for containment based on the decision-making outline shown in [Table 1](#T1){ref-type="table"}; these include children who do not need containment as the prognosis is good (e.g., a 6-year-old child in Stage IIa with no extrusion) and children who are denied containment since it is too late for containment to be of benefit (children in Stage IIb or later). Both these groups of children need no active intervention but should be followed up till skeletal maturity to evaluate their outcome.

What is the effect of containment? {#sec2-2}
----------------------------------

Several studies suggest that children over the age of 6 years at onset of the disease and in whom more than half the epiphysis is avascular are likely to benefit from containment.[@ref28][@ref29][@ref30][@ref31][@ref32][@ref33][@ref34][@ref35][@ref36] The chances of retaining a spherical femoral head with minimal coxa magna are greater when containment is performed.

Contrary to earlier views that surgical containment has no effect on the healing process[@ref37][@ref38] it has been shown that the duration of the disease is significantly shortened with a third of children by-passing the stage of fragmentation when a varus osteotomy is performed in the stage of avascular necrosis.[@ref32]

How much of containment is needed? {#sec2-3}
----------------------------------

Kim *et al*. suggest that a modest varus angulation of 10-15° is sufficient to obtain adequate containment by a femoral varus osteotomy;[@ref39] the author prefers to create a varus angulation of 20° \[[Figure 3](#F3){ref-type="fig"}\].[@ref26][@ref32]

![Anteroposterior (a) and frog leg lateral (b) radiographs of the hip of an 11-year-old boy with Perthes' disease in the early stage of the disease. An open wedge varus osteotomy with 20° of angulation has been performed (c)](IJOrtho-49-10-g004){#F3}

Excellent containment can be obtained with the triple pelvic osteotomy; however, there is a risk of over-coverage and pincer impingement. The acetabular fragment must not be rotated so far as to increase the CE angle beyond 44° when a triple pelvic osteotomy is performed.[@ref40]

There are no studies that attempt to determine how large a shelf is required to provide adequate containment without causing impingement.

T[REATMENT OF]{.smallcaps} P[ERTHES]{.smallcaps}': L[ATE IN THE]{.smallcaps} C[OURSE OF THE]{.smallcaps} D[ISEASE]{.smallcaps} (R[EMEDIAL]{.smallcaps} S[URGERY]{.smallcaps}) {#sec1-5}
=============================================================================================================================================================================

Treatment in the late part of the stage of fragmentation or in the early part of the stage of reconstitution attempts to minimize the effects of early deformation of the femoral head that has already occurred. At this stage, some children have a reduced range of motion (particularly abduction) and attempted abduction results in hinging.[@ref41] A valgus femoral osteotomy overcomes the hinging and brings a more congruent surface of the femoral head under the acetabulum.[@ref42] The operation should be performed in the advanced stage of reconstitution rather than in the late part of the fragmentation stage because sufficient reconstitution of the femoral head should have occurred enough to withstand weight-bearing stresses without getting deformed.[@ref42] A valgus osteotomy will increase uncovering of the femoral head, and this can be addressed with a shelf procedure.[@ref41] However, the shelf procedure should be delayed in the younger child as the acetabular cover may improve spontaneously once the abnormal forces on the lateral rim of the acetabulum while hinging are relieved by the valgus osteotomy.[@ref41]

The valgus osteotomy when performed for hinge abduction relieves pain and improves functional scores but only in a small proportion of hips (\~10%) will the femoral head remain spherical and end up as Stulberg Class I or II (spherical head); the majority will fall into Class III and IV (non-spherical).[@ref41][@ref42] The role of containment at this phase of the disease remains uncertain.[@ref43][@ref44]

Arthrodiatasis and epiphyseal drilling {#sec2-4}
--------------------------------------

Apart from containment (which is most widely practiced) some surgeons have attempted arthrodiatasis or joint distraction with an external fixator in an attempt to unload the hip and facilitate the restoration of epiphyseal height.[@ref45][@ref46] The reported results have not been sufficiently encouraging to recommend this as the procedure of choice.[@ref46] Yet another approach has been to drill the epiphysis in the hope that this will hasten re-vascularization; reports on the long term outcome of this method of treatment are awaited.[@ref47]

T[REATMENT OF THE]{.smallcaps} S[EQUELAE OF THE]{.smallcaps} D[ISEASE]{.smallcaps} (S[ALVAGE]{.smallcaps} S[URGERY]{.smallcaps}) {#sec1-6}
================================================================================================================================

In recent times, there has been enthusiasm to attempt to re-shape the deformed femoral head and the acetabulum following Perthes' disease by safe surgical dislocation of the hip.[@ref48][@ref49][@ref50] Abnormalities such as cam impingement, pincer impingement, functional retroversion and greater trochanteric and lesser trochanteric impingement have all been noted and addressed. The surgical procedures performed on young adults are included under what is termed as "joint preserving surgery."[@ref48] Reduction of pain, increased joint motion and improved strength of the hip abductors have been reported after such intervention. Survival analysis demonstrated that 61% of the patients had not undergone a total hip replacement 8 years after the surgery, while 39% had already undergone hip replacement by this time. It remains to be seen how much longer the surviving hips will function to decide if these procedures do really preserve the hip. A longer followup is clearly needed to answer this question particularly because a study from Norway noted that a third of young adults undergoing total hip replacement for degenerative joint disease secondary to Perthes disease had undergone 'joint preserving surgery' prior to the hip replacement.[@ref51]

Treatment of established degenerative joint disease following Legg-Calvé-Perthes disease {#sec2-5}
----------------------------------------------------------------------------------------

Total hip replacement is required once secondary degenerative arthritis develops.[@ref52] The surgery may need to be modified to deal with structural changes in the proximal femur and the acetabulum that follows Perthes' disease. A higher rate of complications had been noted in some series, but the survival rate of the prosthesis is good.[@ref53][@ref54][@ref55] Responses to a standard health-related quality of life questionnaire showed that the patients who underwent total hip replacement for the sequelae of Perthes' disease had reduced quality of life.[@ref53] These observations underscore the overwhelming reason for early preventive intervention in order to preserve the sphericity of the femoral head during the early part of Perthes' disease.

F[UTURE]{.smallcaps} T[RENDS]{.smallcaps} {#sec1-7}
=========================================

The treatment planning outlined here is based entirely on plain radiographic evaluation of the disease. Recent reports suggest that newer methods of magnetic resonance imaging (MRI) such as perfusion MRI may hold promise in treatment planning and currently studies evaluating the efficacy of these imaging techniques are underway.[@ref56][@ref57]

C[ONCLUSION]{.smallcaps} {#sec1-8}
========================

Treatment of Perthes disease should aim at preventing femoral head deformation, thereby minimizing the risk of secondary degenerative arthritis. This is possible in a large proportion of instances if the hip is contained early in the course of the disease.
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